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3T Timing Enabled - 

In one embodiment, the present invention includes a method 
for generating a mode register set (MRS) decoded signal to 
identify presence of a MRS command in the register device of 
a registered DIMM memory, delaying the MRS decoded sig 
nal for a predetermined delay and disabling address inversion 
using the delayed MRS decoded signal, switching from a ?rst 
command timing frequency to a second command timing 
frequency for a predetermined number of clock cycles, per 
forming a MRS command to a mode register of the DRAM 
device, and switching back to the ?rst command timing fre 
quency. Other embodiments are described and claimed. 
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OPTIMIZING MODE REGISTER SET 
COMMANDS 

BACKGROUND 

[0001] Modern computer systems include a variety of com 
ponents that communication With each other. For example, a 
processor communicates With a memory such as a registered 
dual inline memory module (DIMM) including a register 
device having con?guration registers and multiple DRAM 
devices each including mode registers, via a memory control 
ler. For a registered DIMM, all commands must pass through 
the register device on the DIMM, before going to the DRAM 
devices. Oftentimes, commands are sent to the DRAM from 
the processor through the memory controller. Such com 
mands may be to Write and read data. Additional commands 
are used to control various operation modes of the DRAM 
devices. Such commands are referred to as mode register set 
(MRS) commands. During operation, numerous such com 
mands may be sent to a memory to control various modes, 
initiate status updates and to perform other operations. 
[0002] Typically, to program a mode register in a DRAM 
device, a user must ensure that the register device has address 
inversion disabled and is in a sloW timing mode. In contrast, 
during normal memory operations, the register device gener 
ally operates With a faster timing and With address inversion 
enabled, as these modes improve performance and reduce 
poWer consumption. To initiate such changes, a relatively 
long time is needed for the memory controller to pause nor 
mal operation, perform register con?guration cycles, send the 
MRS commands, then again perform register con?guration 
cycles, and then ?nally resume normal operation. 
[0003] As described above, When programming MRS com 
mands, address inversion has to be turned off (Which is the 
single largest contributor to controlling simultaneous sWitch 
ing outputs (SSO) and its poWer impacts). The longer the 
system has address inversion turned off, the harder it is to 
optimiZe the poWer delivery system to take advantage of such 
inversion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0004] FIG. 1 is a timing diagram of a method in accor 
dance With one embodiment of the present invention. 
[0005] FIG. 2 is a block diagram of a circuit in accordance 
With one embodiment of the present invention. 
[0006] FIG. 3 is a block diagram of a computer system 300 
in Which embodiments of the invention may be used. 

DETAILED DESCRIPTION 

[0007] Embodiments of the present invention may be 
present in a register device of a memory and memory con 
troller logic. Embodiments alloW for the register to identify 
dynamic random access memory (DRAM) mode register set 
(MRS) commands received on a memory control bus and 
targeted to a con?guration register of the DRAM devices, and 
pass them through With automatic sWitching of command 
timings and address inversion modes. In one embodiment, the 
register device of a DIMM (also referred to herein as a “reg 
ister”) is con?gured With a con?guration cycle. The state of 
the register device is stored in its con?guration registers (RCO 
to RC15). In turn, the register device communicates With 
multiple DRAM devices of the memory, Which are con?g 
uredWith an MRS command. The state of each DRAM device 
is stored in its mode registers (MRO to MR3). 
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[0008] The register Will qualify MRS commands by vari 
ous enable signals, for example, the input clock enable 
(CKE#), roW address strobe (RAS#), column address strobe 
(CAS#), Write enable (WE#) and appropriate chip select 
(CS#) signals. When the MRS command is identi?ed, the 
register device (Which in double date rate 3 (DDR3) has the 
ability to fully decode the command, address, control (CMD/ 
ADD/CNTL) bus) Will automatically sWitch into 3T timing 
mode, meaning that a neW command can be issued every three 
clocks: the ?rst clock is Where the address is setup to provide 
additional setup time; the second clock is Where the chip 
select signal is asserted; and the third clock Where the address 
is being held to provide additional hold time. Note that the 
address does not need the full additional clock of setup, or the 
full additional clock of hold, only a portion (e.g., a fraction of 
a nanosecond) is su?icient to overcome the SSO delay varia 
tion that occurs When the second address bus inversion is shut 
off. Then address inversion is disabled for tWo clocks, during 
Which the MRS command is performed, rather than ?rst 
needing multiple register con?guration (RC) commands, 
Which Write to a set of 4 bit registers in the register device, 
including control of timing (lT/3T) and second address bus 
inversion to thus perform the timing and address inversion 
changes, and then get other RC commands revert back to the 
original settings after performing the MRS command. The 
register retains the state of Which mode it Was in prior to this 
automated MRS pass-though mode so that once the MRS 
command stream has ?nished, it can return to its previous 
state automatically (e.g., 1T timing With address inversion 
enabled). 
[0009] In various embodiments, to program a mode register 
the folloWing method, as illustrated in the timing diagram of 
FIG. 1, may be applied. As shoWn in FIG. 1, a number ofclock 
periods (i.e., CLK) are present in the timing diagram. A 
command message, namely an MRS command may be sent, 
folloWed by several no operation (N OP) messages. An 
address bus may be provided With an address of the mode 
register in the memory to be set. Furthermore, chip select 
signals (QCS) 0 and 1 may be controlled accordingly, to affect 
an output of the mode select register as QCSO, Which occurs 
When address inversion is disabled and With a 3T timing in 
Which the command is sent in the second cycle, rather than the 
?rst. 

[0010] Note that the folloWing numbers correspond to 
those shoWn in FIG. 1. In the embodiment of FIG. 1, the 
method may occur as folloWs: (1) a memory controller sends 
a MRS command; (2) register decodes MRS command type 
via CKE#, RAS#, CAS#, WE# and appropriate CS# as valid 
logic loW as per a DDR3 command truth table; (3) device 
automatically sWitches to 3T timing for 3 clocks, With address 
inversion off for 2 clocks; (a) normal propagation delay of 
register (1 nanosecond (ns)) hides decode time and automated 
mode sWitching; (b) addresses can be delayed When sWitch 
ing from inverted to non-inverted, or non-inverted to inverted, 
but this only happens With the CS# output negated; (4) device 
returns to its previous state, resuming normal operation; (a) it 
is possible that the device Was previously in 3T timing With 
address inversion off, and in that case, no mode changes 
Would occur (to determine this, a prior command mode reg 
ister is read). In this Way, as shoWn at (5), address inversion is 
actually only off for 2 clock cycles, minimiZing a net termi 
nation (V TT) current impact. That is, address inversion may 
be used to reduce the net current, as one address bus balances 
out the other address bus. In conventional control techniques, 
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it is dif?cult to control hoW long the register outputs Would 
stay in the address inversion disabled state, since the program 
could be running out of sloW ?ash memory, etc. As a result, a 
VTT supply Would need to be siZed for this address inversion 
disabled current. Using an embodiment of the present inven 
tion, the time is so short (e.g., 2-3 clocks) that decoupling 
capacitors on the memory (e. g., a dual in-line memory mod 
ule (DIMM)) and the baseboard can provide the extra current. 

[0011] Referring noW to FIG. 2, shoWn is a block diagram 
of a circuit in accordance With one embodiment of the present 
invention. As shoWn in FIG. 2, circuit 100, Which may be 
implemented in a register device, may be implemented in a 
memory such as DIMM, and used to simplify the command 
sequence to implement MRS commands. As shoWn in FIG. 2, 
circuit 100 includes an MRS command decoder 110 coupled 
to receive various inputs, namely RAS, CAS, WE and CKE 
input signals. In addition MRS command decoder 110 
receives a chip select signal from OR gate 115 if any chip 
select signal is active. Accordingly, When a valid MRS com 
mand is decoded, an MRS_decoded output from MRS com 
mand decoder 110 is provided to an OR gate 119 and a ?rst 
decode delay stage 130, Which may be a one-stage ?ip-?op, 
Which in turn is coupled to a second decode delay stage 135, 
Which may be another ?ip-?op. The output of delay stage 130 
is further coupled to OR gate 119, the output of Which is 
provided to control a multiplexer 125. 

[0012] Still referring to FIG. 2, second decode delay stage 
135 is also coupled to an OR gate 138, along With the output 
of ?rst delay stage 130. The output of OR gate 138 is coupled 
to a buffer 140 to generate a Disable_lnvert signal, provided 
to a plurality of exclusive-OR (XOR) gates 160. 

[0013] Incoming address signals A(l5:l l) and A(9:3), 
along With bank address signals BA (2:0) may be provided to 
both ?rst (A) side ?ip-?ops 150, and second (B) side ?ip-?ops 
155 through an inverter 152. These ?ip-?ops may be con 
trolled by an output of buffer 117 coupled to the output of OR 
gate 115, Which provides an Output_LE signal. The chip 
select inputs are further coupled to a CS delay stage 120, 
Which may be ?ip-?ops to provide an additional one clock 
delay, and are then provided to multiplexer 125, Which is 
controlled by a Delay_CS signal from OR gate 119. The 
output of multiplexer 125 is coupled to CS ?ip-?ops 127, 
Which in turn provides the CS outputs, delayed by tWo clocks. 
[0014] Thus based on the operation of circuit 100, the 
A-side outputs of the register are alWays provided by A-side 
?ip-?ops 150, Which are alWays non-inverted. The B-side 
outputs are provided through ?ip-?ops 155 in an inverted 
state, but sometimes those outputs are inverted a second time 
by the XOR gates 160 (i.e., When the output of buffer 140 is 
asserted), so that the value of the B-side outputs actually 
matches the value of the A-side outputs for the tWo clocks. 
Thus XOR gates 160 may provide non-inverted address out 
puts during the tWo clocks for Which address inversion is 
disabled. Circuit 100 may further be associated With addi 
tional control logic to perform the automatic command tim 
ing frequency change and to perform the incoming MRS 
command. While shoWn With this particular implementation 
in the embodiment of FIG. 2, the scope of the present inven 
tion is not limited in this regard. 

[0015] With the automation described herein, multiple 
steps can be eliminated (e.g., 34tCK to 3tCK reduction to 
effect a MRS command), resulting in a smaller atomic 
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sequence for controller schedulers. Although the automated 
sWitching process Will require some additional time (~l00 
picoseconds (ps) in addition to propagation delay), this can be 
typically absorbed in a Ins delay margin. When not sWitching 
betWeen inverted and non-inverted, the propagation delay is 
only increased by a single exclusive-OR @(OR) gate. In this 
Way, the memory controller no longer has to intelligently 
control the timing mode or address inversion mode for MRS 
commands (streamlined operation), and it also alloWs for 
poWer delivery design to still try to optimiZe for minimal SSO 
impact (typically achieved With address inversion) and 
greatly simpli?es intensive “dynamic” or “on-the-?y” MRS 
commands (Which may be commonly used With on-die ther 
mal sensors). 
[0016] In order to read the thermal sensor register informa 
tion on a DRAM, multiple MRS commands are issued and 
repeated for every rank in the system. These thermal sensor 
commands may typically be issued at least 8 times per sec 
ond. A typical thermal sensor read process by itself takes 
1 8tCK, add on the 30tck overhead to perform command mode 
changes and an impact of 960 ns every second in a 800 
megahertz (MHZ) system Would result, instead of the typical 
360 ns. According to various embodiments, a minimum of 
approximately double time savings may be realiZed and 
Which dramatically improves if only doing a single MRS 
command as shoWn in the timing diagram of FIG. 1. In that 
scenario, as discussed above, almost a 10 times savings can be 
realiZed. Other implementations may be used for controlling 
a delay lock loop (DLL), namely a “DLL Control for Pre 
charge PoWerdoWn” mode, to be either fast exit (DLL on) or 
sloW exit (DLL off). 
[0017] Embodiments thus simplify the command sequence 
needed for MRS commands (Which may enable poWer saving 
frequency changes and DRAM thermal sensor reads), making 
it easier on a processor arbiter as Well as reducing the SSO 
delay and VTT current impacts to a system. Embodiments 
thus simplify MRS command mode programming by auto 
matically changing the register output timing to 3T and dis 
abling the address inversion, Whenever the MRS command is 
detected. 

[0018] Embodiments may be used in various systems. FIG. 
3 is a block diagram of a computer system 300 in Which 
embodiments of the invention may be used. As used herein, 
the term “computer system” may refer to any type of proces 
sor-based system, such as a notebook computer, a server 

computer, a laptop computer, or the like. 

[0019] NoW referring to FIG. 3, in one embodiment, com 
puter system 300 includes a processor 310, Which may 
include a general-purpose or special-purpose processor such 
as a microprocessor, microcontroller, a programmable gate 
array (PGA), and the like. Processor 310 may include a cache 
memory controller 312 and a cache memory 314. Processor 
310 may be coupled over a host bus 315 to a memory hub 330 

in one embodiment, Which may be coupled to a system 
memory 320 (e.g., a dynamic RAM) via a memory bus 325. 
Memory hub 330 may also be coupled over an Advanced 
Graphics Port (AGP) bus 333 to a video controller 335, Which 
may be coupled to a display 337. Both memory hub 330 and 
system memory 320 may be con?gured to operate in accor 
dance With one embodiment of the present invention. For 
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example memory hub 330 may issue an MRS command, e. g., 
to read a thermal sensor, and transmit the command to a mode 
register in system memory 320, Which may include logic to 
automatically change frequency and address inversion modes 
for execution of the command, and then automatically revert 
back to the previous settings. 
[0020] Memory hub 330 may also be coupled (via a hub 
link 338) to an input/output (l/O) hub 340 that is coupled to an 
input/output (l/O) expansion bus 342 and a Peripheral Com 
ponent Interconnect (PCI) bus 344, as de?ned by the PCI 
Local Bus Speci?cation, Production Version, Revision 2.1 
dated June 1995. 
[0021] U0 expansion bus 342 may be coupled to an I/O 
controller 346 that controls access to one or more I/O devices. 

As shoWn in FIG. 3, these devices may include in one embodi 
ment storage devices, such as a ?oppy disk drive 350 and 
input devices, such as a keyboard 352 and a mouse 354. l/O 
hub 340 may also be coupled to, for example, a hard disk drive 
358 and a compact disc (CD) drive 356, as shoWn in FIG. 3. 
It is to be understood that other storage media may also be 
included in the system. 
[0022] PCI bus 344 may also be coupled to various com 
ponents including, for example, a netWork controller 360 that 
is coupled to a netWork port (not shoWn). Additional devices 
may be coupled to the I/O expansion bus 342 and the PCI bus 
344. Although the description makes reference to speci?c 
components of system 300, it is contemplated that numerous 
modi?cations and variations of the described and illustrated 
embodiments may be possible. 
[0023] Embodiments may be implemented in code and may 
be stored on a storage medium having stored thereon instruc 
tions Which can be used to program a system to perform the 
instructions. The storage medium may include, but is not 
limited to, any type of disk including ?oppy disks, optical 
disks, compact disk read-only memories (CD-ROMs), com 
pact disk reWritables (CD-RWs), and magneto-optical disks, 
semiconductor devices such as read-only memories (ROMs), 
random access memories (RAMs) such as dynamic random 
access memories (DRAMs), static random access memories 
(SRAMs), erasable programmable read-only memories 
(EPROMs), ?ash memories, electrically erasable program 
mable read-only memories (EEPROMs), magnetic or optical 
cards, or any other type of media suitable for storing elec 
tronic instructions. 
[0024] While the present invention has been described With 
respect to a limited number of embodiments, those skilled in 
the art Will appreciate numerous modi?cations and variations 
therefrom. It is intended that the appended claims cover all 
such modi?cations and variations as fall Within the true spirit 
and scope of this present invention. 

What is claimed is: 
1. A method comprising: 
generating a mode register set (MRS) decoded signal to 

identify presence of a MRS command on a memory 
command bus targeted toWards a mode register of a 
memory; 

delaying a ?rst signal for a predetermined delay and dis 
abling address inversion in a register device using the 
delayed ?rst signal; 

sWitching from a ?rst command timing frequency to a 
second command timing frequency for a predetermined 
number of clock cycles in the register device, Wherein 
the address inversion is disabled for at least a portion of 
the predetermined number of clock cycles; 
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performing an MRS command to the mode register in one 
or more dynamic random access memory (DRAM) 
devices responsive to the earlier MRS command to the 
register device, during the predetermined number of 
clock cycles; and 

sWitching back to the ?rst command timing frequency. 
2. The method of claim 1, further comprising decoding a 

plurality of signals to identify presence of the MRS com 
mand, the plurality of signals corresponding to a chip select 
signal, a roW address strobe signal, a column address strobe 
signal, a Write enable signal and a clock enable signal. 

3. The method of claim 2, Wherein the predetermined num 
ber of clock cycles is three clock cycles, the address inversion 
is disabled for tWo of the three clock cycles, and the chip 
select signal is delayed by tWo clock cycles. 

4. The method of claim 1, further comprising sWitching 
from the ?rst command timing frequency to the second com 
mand timing frequency and disabling the address inversion 
responsive to the ?rst signal and Without the receipt of a 
register con?guration command to sWitch frequency or to 
perform address inversion disablement. 

5. The method of claim 1, Wherein the MRS command is to 
cause the memory to read a thermal sensor associated With a 

rank of the memory. 
6. The method of claim 1, further comprising retaining a 

previous state of a con?guration register before sWitching 
from the ?rst command timing frequency to the second com 
mand timing frequency. 

7. The method of claim 6, further comprising restoring the 
previous state after the register con?guration change is per 
formed. 

8. An apparatus comprising: 
a mode register set (MRS) command decoder to generate a 

?rst signal to identify presence of a MRS command in a 
register device of a memory; 

at least one delay stage to delay the ?rst signal for a pre 
determined delay; 

a ?rst logic to disable address inversion responsive to the 
delayed ?rst signal; and 

a second logic to sWitch from a ?rst command timing 
frequency to a second command timing frequency for a 
predetermined number of clock cycles responsive to the 
?rst signal, Wherein the address inversion is disabled for 
at least a portion of the predetermined number of clock 
cycles, perform the MRS command to a mode register in 
one or more dynamic random access memory (DRAM) 
devices responsive to the MRS command during the 
predetermined number of clock cycles, and sWitch back 
to the ?rst command timing frequency. 

9. The apparatus of claim 8, Wherein the MRS command 
decoder is operable to decode a plurality of signals to identify 
presence of the MRS command, the plurality of signals cor 
responding to a chip select signal, a roW address strobe signal, 
a column address strobe signal, a Write enable signal and a 
clock enable signal. 

10. The apparatus of claim 8, Wherein the predetermined 
number of clock cycles is three clock cycles, the address 
inversion is disabled for tWo of the three clock cycles, and the 
chip select signal is delayed by tWo clock cycles. 

11. The apparatus of claim 8, Wherein the second logic is 
operable to sWitch from the ?rst command timing frequency 
to the second command timing frequency and the ?rst logic is 
operable to disable the address inversion responsive to the 
?rst signal, Without the receipt of a register con?guration 
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command to switch frequency or to disable the address inver 
sion. 

12. The apparatus of claim 8, Wherein the MRS command 
is operable to cause the memory to read a thermal sensor 
associated With a rank of the memory. 

13. The method of claim 8, Wherein the register device is 
operable to retain a previous state of the register device before 
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switching from the ?rst command timing frequency to the 
second command timing frequency. 

14. The apparatus of claim 13, Wherein the register device 
is operable to restore the previous state after the register 
con?guration change is performed. 

* * * * * 


